ABSTRACT: Our observations at a traverse of Ca&z in February 1998 indicated dissolved organic carbon (DOC) concentrations ranging from 61 to 89 pM C within the Spanish Shelf Water, from 48 to 64 pM C within the North Atlantic Surface Water, and from 49 to 55 pM C within the North Atlantic Central Water. Moreover, according to temperature and salinity data, the shallow core of the Mediterranean outflow was also identified deeper than 350 m depth with DOC concentrations between 52 and 58 pM C. The data suggest that DOC distribution at the traverse of the Gulf of Cadiz was controlled by outputs of degraded particles transported within alongslope descending shelf waters and also by features of the circulation in the Gulf of Cadiz. An estimate of organic carbon transport suggests that ca 1.34 to 2.68 X 102 m01 C S-' were transported within the shallow core of Mediterranean outflow. This amount of DOC was 2 orders of magnitude less than that calculated within the Mediterranean outflow in the Strait of Gibraltar for the summer and autumn seasons. These processes might partly regulate the biogeochemistry of the shallow core of the Mediterranean outflow along the Iberian coast.
centrations (> 100 pM C) of dissolved organic carbon (DOC) observed in the Atlantic inflow in the northwestern part of the Strait of Gibraltar in summer and in autumn (Anonymous 1998) .
By contrast, little is known about the organic carbon content of the deep-water masses in the Gulf of Cadiz and its possible export toward adjacent seas. The high density Mediterranean outflow leaves the Strait and flows around the northern side of the Gulf of Cadiz in contact with the bottom before reaching its compensating level at ca 1200 m depth and spreading throughout the North Atlantic Ocean (Stanton 1983) . It has now been documented that heavy erosion in the Gulf of Cadiz causes advection and resuspension of sediments from the continental slope (Eittreim et al. 1976) . As intensive biological production occurs in coastal areas such as the Gulf of Cadiz, part of this production might be exported as continental shelf phytodetritus (Walsh 1991) . Although these processes are likely to be potential sources of organic carbon inputs within the Mediterranean outflow, there are currently no reports dealing with organic carbon observations in the Gulf of Cadiz. In the present paper, we describe the distribution of the DOC pool in the Gulf of Cadiz during winter and we give an estimation of its transport to the north-west from the Strait of Gibraltar through a shallow core of Mediterranean outflow found in the investigated area.
Materials and methods. The seawater samples were taken from the RV 'Cornide de Saavedra' with a CTD rosette system equipped with 10 1 Niskin bottles between 10 and l l February 1998 at 5 stations along a section in the Gulf of Cadiz (Fig. 1) . Samples for DOC analysis were withdrawn from Niskin bottles into precombusted (450°C, 6 h) 0.5 l glass flasks (Schotta). They were filtered through precombusted (450°C, 6 h) GF/F glass fibre filters, collected in duplicate in 10 m1 precombusted glass ampoules, poisoned by addition of HgC12 (10 mg I-' final conc.), sealed, and stored in the dark. Samples were analysed by using a commercially available Shimadzu TOC-5000 analyser according to the method described in Yoro et al. (1997) . The filtration Fig. 1 . . .
precombusted (450°C, 6 h) GF/F filters, which were dried on silica gel and frozen to -20°C until analysis in the laboratory. Measurements were carried out with a Perkin Elmer 2400 CHN analyser. To measure phytopigments, 0.5 1 of seawater were filtered through GF/F filters at low pressure (<l00 mm Hg). Pigments were extracted in 90% acetone for 24 h in cold and dark conditions. After this time, chlorophyll a (chl a) was estimated fluorimetrically by using a Turner Design-l0 fluorimeter calibrated with pure chl a (Sigma Co.) (UNESCO 1994) . All data are presented in Table 1 . Results and discussion. DOC content in the different water bodies: Physical parameters including temperature and salinity (Fig. 2) indicate a homogeneous water body from the surface to the bottom in the upper slope and down to 135 m offshore (T = 16.14 to 17.12"C, S = 36.06 to 36.47 % o ) . At Stn l , salinity values lower than 36.10 characterised the Spanish shelf water (Van Geen et al. 1988 , 1991 with the highest DOC value (89 FM C , Table 1, Fig. 3 ).
The salinity values higher than 36.10 very likely correspond to those of the North Atlantic Surface Water (NASW). As shown in Fig. 3 , the DOC concentrations within the NASW ranged from 64 pM C inshore down to 48 pM C in the middle of the section (Stn 3). The North Atlantic Central Water (NACW) was found between 250 and 400 m depth (Fig. 2) and was defined by minima of both salinity (136.00 %o) and temperature (<13.8OoC). The colder and less saline NACW overlays the Mediterranean outflow and underlays NASW, producing thermohaline and DOC gradients. NACW contained the lowest DOC concentrations, with nearly homogeneous values in the range of 48 to 49 pM C. Doval et al. (1997) , with reference to unpub- along-slope descending of water. In a study of the thermohaline structure in the area close to the San Vincent Cap, Ambar et al. (1976) found the presence of water of shallow origin at between 450 and 580 m depth and hypothesised that the observed anomalous thermohaline characteristics were due to winter cooling and consequent sinking of this water from the shelf. In addition, Fig. 4B displays the distribution of computed geostrophic velocities and explains several features of organic carbon distribution, with the most evident feature at the slope (ca 250 m). Computed velocities are relatively high compared to those observed previously in the Gulf of Cadiz (Madelaine 1970 , Zenk 1975 
, Ambar & L a t i t u d e , N
Howe 1979b, among others). Interestingly, we observed that the maximum velocity Ambar (1983) has described a thud core, the shallow core, which spreads between 400 and 700 m depth. Distributions of temperature and salinity obtained from the CTD profile (Fig. 2) , as well as density (27.25 to 27.45 kg m-3, figure not shown), suggest that we have observed the shallow core of Mediterranean oufflow, where DOC concentrations amounted to 52 -58 pM C. These concentrations were similar to the near-bottom TOC value (58 pM C) we measured in June 1997 in the Mediterranean outflow above the Spartell sill, and lower than those (62 to 68 pM C) we observed in the near bottom waters in the Tarifa Narrows in September 1997 (Anonymous 1998) . Physical evidence of shelf waters descending: An additional feature in this section is the existence of an along-slope DOC gradient which suggests the alongslope export of organic material likely related to winter convection. To prove its existence and to explain some additional features of DOC distribution at the traverse of Cadiz we have examined the nature of the physical environment with regard to the density (figure not shown), density gradient, which may be interpreted as a buoyancy frequency (Fig. 4A) , and geostrophic velocity (Fig. 4B) . The curvature of Brunt-Vaisala frequencies near the slope between 150 to 250 m (Fig. 4A , isolines 1.5, 2.0 and 2.5 cycles [c] h-') suggests the tion (65 pM C, Fig. 3 ). This suggests that this DOC accumulation within this undercurrent was due to hydrodynamic concentrations of along-slope descending material, particle resuspension and subsequent breakdown (see next section). A similar hypothesis was presented by Milliman (1994) , who assumed that the Gulf Stream a n d o r storm events in the Cape Fear and Cape Hatteras areas may induce resuspension of sediment and organic matter from the shelf and transport it offshore.
Potential sources of DOC along the Gulf of Cadiz transecf: Particle fragmentation and dissolution might be a significant source of DOC in estuarine (Sempkre et al. 1994 , Sempere & Cauwet 1995 marine environments (Smith et al. 1992) . Thus, sources for DOC in the Gulf of Cadiz may be sought from the distribution of suspended matter and its origin along the transect. During filtration of shelf water samples for DOC analysis at Stn 1, filters had a distinct green-brown colour, suggesting a large amount of suspended material in those waters. As for DOC, concentrations of POC and PON (Table 1 ) throughout the water column at this station were almost homogeneous (19 to 22 pM C and 1.4 to 1.6 PM N respectively). The POC/PON ratio was higher than 10, showing that one source for this suspended material probably derives from river outputs through the shelf (Parsons et al. 1977 ). Only at Stns 2 and 3 were the POC/PON values (5.7 to 8.0) close to the classical Redfield ratio of 6.6, indicating a major contribution of organic matter from plankton, faecal pellets and other compounds of biological origin easily degradable with a high nutritive value (Buscail et al. 1990) . At the other stations, C/N ratios were as much as or more than 2-or 3-fold the Redfield values, suggest- phaeo/chl a ratio as an indicator of inputs of material from the shelf to the stations along the transect, we observed that such material was concentrated at the depths of DOC accumulation (Fig. 3) , i.e. at Stn 3 within the undercurrent (250 m; DOC = 65 pM C) and at the upper limit of the shallow core of Mediterranean outflow 352 m (DOC = 58 pM C) and at Stn 4 (382 m; 57 pM C) within a layer characterised by maximal Brunt-Vaisala frequency (3.5 c h-', Fig. 3) . Interestingly, such a high phaeo/chl a ratio (with nevertheless lower phaeo and DOC concentrations) was also observed at Stn 5 (333 m). Such observations suggest that DOC distribution at the traverse of the Gulf of Cadiz was partly controlled by outputs of degraded particles transported within along-slope descending shelf waters and also by features of the circulation in the Gulf of Cadiz. Portugal (Madelaine 1967) and to be 20 cm S-' for the upper core (800 to 1000 m) of ing that the particulate organic material was already Mediterranean outflow at the traverse of Cadiz by partly degraded. However, a contribution of terrige Ambar & Howe (1979b) . Hence, the range 10 to 20 cm neous inputs to the suspended material at these S-' most likely represents the shallow core velocity in stations cannot be put aside.
this area. In contrast to the POC/PON pattern, the algal pigFrom the triangle delimited by bottom contours we ments (Table 1) presented a homogeneous distribution estimated the shallow core area to 25 800 m2 with an of chl a in the well-mixed layer (0.30 to 0.50 pg 1-l) average DOC value of 52 pM C. Thus, the DOC flux while phaeopigments (hereafter phaeo), the degraded could range from 1.34 to 2.68 X 102 m01 C S-'. For comforms of chlorophyll, decreased from Stn 1 to Stn 5 parison, the average estimates of organic carbon out-(1.12 to 0.07 pg l-'). In particular, Stn 1 exhibited high flow through the Strait of Gibraltar were estimated to phaeo concentrations (up to 0.95 pg l-', on average) ca 5.27 X 104 m01 C S-' in June and 4.94 X 104 m01 C S-' and a high phaeo/chl a ratio (21.6), indicating that in in September (Anonymous 1998 ) by using an average addition to river inputs, phytodetritus contributed to water transports reported by Bray et al. (1995) . Assumthe suspended material in the shelf waters. Using the ing that the shallow core represents only a small component of the Mediterranean outflow, it is not surprising to find such low values for organic carbon transports within this water mass. Notwithstanding, because such transport is important in terms of DOC of phytodetritus origin and presumably includes potentially important geochemical markers of the Gulf of Cadiz Shelf, it should be considered when studying the biogeochernistry and the dynamics of the shallow core of Mediterranean outflow along the Iberian coast.
